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Since the copper target metal gas x-ray tube described by Kersten (5) has
been used in numerous biological and biochemical experiments, (1, 2, 3, 4, 6, 7,
8, 9, 10, 11, 12, 13, 14, 16, 17, 18, 20, 21) it was thought advisable to calibrate
the energy output of the tube in r-units. Because of its wide application and
because no calibration curves for a tube of this type have been published the
data was considered of sufficient interest to warrant this paper.
The r-unit output of the tube was determined by means of the standard
ionization chamber for soft x-rays described by Taylor (19). Although with
this chamber it is usual to collect and measure an electrical charge, the authors
elected to measure a charge in motion as an electrical current with the aid of a
modification of the feed-back microammeter described by Roberts (15). This
method gives an instantaneous indication of the energy output whereas measure-
ments involving an electrometer or any other integrating instrument read only
the average output over a period of time and gives its indication only at the end
of the period. Such results are averages and are more reproducible than
instantaneous readings. For this reason and because with this metal x-ray tube
and probably with all other similar tubes it was found that the output was not
always the same for a fixed current and voltage input, the results are reproducible
only to the extent of plus or minus 10 percent.
The feed-back microammeter may be built by any radio mechanic from parts
which may be obtained at a radio supply house for about $35. The ionization
chamber may be built by a machinist from brass, Bakelite, and amber insulation
costing less than $20. No special skill is required in using the equipment. An
added feature of the apparatus is that the meter on which the r-units are indicated
may be connected to the rest of the microammeter through a lamp cord of any
length so that instantaneous readings of the r-units may be read at the control
panel.
The Taylor chamber was used in these measurements because it had been
tested and found to be free of errors due to distortion of the electrostatic field in
the region of the collector plate. It also has provision for making air absorption
corrections which accounts for a large part of its volume. The readings given
here are reproducible to within about 10 percent and therefore do not include
air absorption corrections. For this reason a smaller chamber might have been used.
The feed-back microammeter and one thousand volt D.C. supply for the
ionization chamber were built in a box mounted on one side of the ionization
chamber as shown in Fig. 1. The lower appendage shown in the figure provides
space for connections between the two units, for the 12J7-GT tube which is
mounted in a horizontal position, and for the range selector switch, S-2.
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Fig. 2 shows the circuit diagram of the amplifier. The power is supplied by
the 50Y6-GT tube connected in a doubler circuit which permits grounding the
negative side of the rectifier output. With such a circuit it is necessary to have
the A.C. power line connected in the correct manner so that a pilot light is pro-
vided as an indicator. Incorrect polarity on the power cord will cause the light
to burn when the case of the microammeter is grounded. If the lamp lights the
plug should be reversed immediately in its receptacle. The selector switch S-2
is provided so that a large range of r-units may be measured on the same instru-
ment. If R-l is made 60 megohms, a full-scale reading on the O-30 microammeter
will be 3 r-units per second or 180 per minute. If R-l is 30 megohms the full-scale
reading will be 6 r-units per second or 360 per minute and so on. This ratio will
hold for values of R-l in the range of from 0.1 to 100 megohms.
FIG. 1. Photograph showing the ionization chamber and combined feedback amplifier and
power supply in position below the x-ray tube window.
FIG. 2. Schematic diagram of the amplifier and power supply. T-l, 12J7-GT; T-2, 12SF-5-GT;
T-3, 50Y6-GT; T-4, 5W4; TR, Power transformer, 700 volts; 5 volts, 2 Amp.; R-l, see text;
R-2, 2000 ohm precision non-inductive resistor; R-3, 25000 ohm 10 watt Dividohm; R-4,
500 ohm, Y2 watt; R-5, 1000 ohm potentiometer; R-6, 20000 ohm, M watt; R-7, 120000 ohm,
Y2 watt; R-8, 50000 ohm, Y2 watt; R-9, 1000 ohm potentiometer; R-10, 320 ohm Cordohm;
R-ll, 200 ohm, 10 watt; R-12, 150 ohm, Y2 watt; C-l, 16 mfd. 250 volt; C-2, 16 mfd. 250 volt;
C-3, 16 mfd. 400 volt; C-4, .01 mfd. mica; O5, .01 mfd. mica; C-6, .01 mfd. mica; O7, three
8 mfd. condensers in series; X, 80 millihenry chokes; M, 0-30 microammeter; B, 22.5 volt
B-battery; S, DPST toggle switch; S-l, DPST toggle switch; S-2, 3-position selector
switch; S-3, DPST toggle switch, L, 2.5 volt, XA amp. pilot lamp; G, grounded to case.
Best results will be obtained with this instrument if it is operated from a
stabilized A.C. source. If the x-ray apparatus is equipped with a magnetic
stabilizer which will supply 115 volts with one of the lines grounded, the amplifier
may be connected to it. Otherwise it may be supplied through a separate 25 watt
stabilizer. The fact that the zero setting, which is controlled by the potentiometer
and rheostat R-5 and R-9, may drift very slowly while readings are being taken is
of no consequence since all measurements should be made as a difference of two
readings; one with the x-rays entering the chamber and one with the x-rays cut off.
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We consider one bit of information derived from these tests to be of considerable
interest. As mentioned, it was found that the energy output for a gas x-ray tube
of this type operated at a constant voltage and current is not constant. Two
FIG. 3. A, Roentgens per minute as a function of tube current in millamperes, 5 cm. from the
tube window. The numbers next to the curves indicate peak kilovolts. B, Roentgens
per minute as a function of peak kilovolts, 5 cm. from the tube window. The numbers
next to the curves indicate tube current in milliamperes. C, Tube current as a function
of peak kilovolts for a constant output of 635 r per minute, 5 cm. from the tube window.
D, Roentgens per minute as a function of distance from the tube window when the tube
was operated at 30 peak kilovolts, 10 millamperes. E, Roentgens per minute as a function
of time elapsed after initial evacuation. 20 peak kilovolts, 15 milliamperes.
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types of change in output at constant input have been observed. The first of
these is a gradual increase in output as the tube is used. A test was made to
illustrate the phenomenon. The tube was opened to atmospheric pressure by
removing the Cellophane and aluminum window. New windows of the same
material and of the same thickness were installed and the tube pumped until
sufficient vacuum was established to take readings at 20 kv. and 15 ma. Readings
were taken at intervals for several hours. The results were plotted in Fig. 3E.
Therefore, before readings for the other figures were taken the tube was operated
for a sufficient time to insure their constancy.
The second change in output was noted to occur occasionally and is of the
following nature. For any given voltage and current in the ranges shown in
Fig. 3A-D the r-unit output may decrease to as little as one-third of that given in
those figures. As yet the cause for this has not been established but it can be
pointed out that in this design the anode almost surrounds the cathode and there-
fore all the electrons indicated by the milliammeter do not need to strike the
anode in the usual focal spot position above the window. The data given in the
figures therefore represent the maximum output, which is also the usual output, of
the tube.
REFERENCES
(1) Benedict, Harris M., and H. Kersten. 1934. Effect of soft x-rays on germination of wheat
seeds. Plant Physiology, 9: 173-178.
(2) Blank, Irvin HM and H. Kersten. 1935. The inhibition of growth of Bacillus subtilis
on a modified extract agar by x-radiation of the medium. Jour, of Bacteriology, 30:
21-32.
(3) Branson, Herman, and H. Kersten. 1940. The differential action of x-rays on the anterior
and posterior regions of Tibifex tubifex. Radiology, 34: 200-204.
(4) Dwight, C. H., and H. Kersten. 1938. The viscosity of sols made from x-irradiated apple
pectin. Jour. Phys. Chem., 42: 1167-1169.
(5) Kersten, H. 1934. A gas x-ray tube for irradiation with soft x-rays. Radiology, 23:
60-63.
(6) Kersten, H., and H. Branson. 1938. Effects of soft x-rays upon Chaetopods. Nature.
141: 554-555.
(7) Kersten, H., and C. H. Dwight. 1937. The viscosity of sols made from x-irradiated agar.
Jour. Phys. Chem., 41: 687-689.
(8) Kersten, H., and C. H. Dwight. 1933. Solarization of glass by soft x-rays. Jour. Chem.
Phys., 1:627-629.
(9) Kersten, H., and C. H. Dwight. 1934. Phosphorescence of glass solarized by soft x-rays.
Jour. Opt. Soc, 24: 285-286.
(10) Kersten, H., and G. G. Snider. 1935. Daphnia magna as a biological dosimeter for soft
x-rays. Radiology, 25: 285-289.
(11) Long, Theo. P., and H. Kersten. 1936. Stimulation of growth of soy bean seeds by soft
x-rays. Plant Physiology, 11: 615-621.
(12) Long, Theo. P., and H. Kersten. 1937. Structural changes produced in leaf tissue of soy
bean plants by irradiation of the dry seeds with soft x-rays. Plant Physiology, 12:
191-197.
(13) Moore, Helen Norris, and H. Kersten. 1936. A preliminary note on the preparation
of non-toxic shiga dysentery vaccines by irradiation with soft x-rays. Jour, of
Bacteriology, 31: 581-584.
(14) Moore, Helen Norris, and H. Kersten. 1937. The inactivation of encephalitis virus
(St. Louis type) by means of soft x-rays. Jour. Bacteriology, 33: 615-618.
(15) Roberts, S. 1939. Feedback microammeter. Rev. Sci. Inst., 10: 181-183.
(16) Smith, G. F., and H. Kersten. 1941. Root modifications induced in Vicia faba by
irradiating dry seeds with soft x-rays. Plant Physiology, 16: 159-170.
(17) Smith, G. F., and H. Kersten. 1942. The relation between xylem thickenings in primary
roots of Vicia faba seedlings and elongation as shown by soft x-ray irradiation. Bull.
Torrey Bot. Club, 69 (3): 221-234.
(18) Smith, G. F., and H. Kersten. 1942. Failure of root tips of tomato seedlings germinated
from x-rayed seeds to grow in vitro. Plant Physiology, 17: 321-323.
(19) Taylor, Lauriston S., and C. F. Stoneburner. 1932. The measurement of low-voltage
x-ray intensities. Bur. Stds. Jour. Res., 9: 769-780.
(20) Tytell, Alfred A., and H. Kersten. 1941. Effects of soft x-rays on urease and catalase.
Proc. Soc. Expt. Biol. and Med., 48: 521-525.
(21) Wright, Elizabeth V., and H. Kersten. 1937. The effect of soft x-ray irradiation on
bacteriophages. Jour, of Bacteriology, 34: 639-644.
